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Introduction
The primary effects associated with the inclusion of antimicrobial feed additives include the prevention of digestive disorders, improved feed utilization, and animal performance. Other effects include reduced nutrient waste, diminished environmental impact and reduced production costs. The use of antibiotic growth promoters (AGP) in broiler feeding systems is a powerful tool in the poultry industry to promote growth; however, it renews controversial positions on a wide range of people due to health concerns related to the possible transfer of antibiotic resistance among pathogenic species. At present, eleven antimicrobial components are listed as growth promoters, five treat coccidiosis and six for other usages. Seven of these compounds, including bacitracin, oxytetracycline, novobiocin, erythromycin, lincomycin, and chlortetracycline are also used in human medicine (1) .
The phasing out of AGP is affecting the broiler industry at large. Therefore, in order to minimize performance loss, there is a need to find alternatives to AGP. One alternative is the development of other feed additives that have a positive effect on broiler performance and meat markets. Currently, there are a number of non-therapeutic alternatives such as probiotics, prebiotics, enzymes, inorganic acids, immunostimulants, and essential oils, such as oregano essential oils (OEO). Oregano is the common name used for several genera of Origanum and Lippia from the Lamiaceae and Verbenaceae family, respectively.
The essential oil of the genus Origanum is composed mainly of the phenols carvacrol (83%) and lesser thymol (1.6-2.8%), while the essential oils from Lippia origanoides contains high levels of thymol (67.2-78.7%) and low levels of carvacrol (0.9-1.2%) (2) . Essential oils derived from Origanum vulgare subsp. hirtum have been reported to possess: antioxidant (3) , antimicrobial (4) , insecticidal (5) , and antifungal (6) . In vitro studies have demonstrated activity against both gram-negative and grampositive bacteria (4) . However, the OEO from Lippia origanoides Kuth, native from Central and South America, have not been studied as feed additives for broiler. Lippia oreganoides, commonly known in Spanish as Oregano de Monte, is mainly found in xerophytic scrub throughout semi-arid regions in Colombia. The main activity of the people inhabiting this landscape is subsistence agriculture and an economy of backwardness.
Stability is a very important attribute to raw poultry meat and its whole cuts prior to storage. In order to increase food storage stability, food industry uses synthetic antioxidants. However, the use of these synthetic antioxidants, such as butylated hydroxytoluene (BHT) and butylated hydroxyanisole (BHA), has come into concern due to their suspected carcinogenic potential (7) . For these reasons, there is a research interest in the employment of natural additives as potential antioxidants.
Herb spices belongs to the family Lamiaceae, such as oregano and thyme, which have showed strong antioxidant activity comparable to synthetic antioxidants . In this context, our research group has been working for the past five years with Lippia origanoides Kuth thymol-rich OEO chemotype (>70%) that has demonstrated antimicrobial and antioxidant properties in vitro and in vivo exploratory studies. Therefore, the thymol-rich OEO chemotype emerges as a natural niche alternative to be used as a functional promoter for poultry meat production. The aim of this study, thus, was to evaluate the effects of two OEO chemotypes on broiler growth performance, nutrient balance, and lipid peroxidation of breast meat during storage.
Materials and Methods
This study was carried out at CORPOICA Research Center, Bogota, Colombia. It was conducted within the guidelines approved by the Animal Care and Bioethics Committee of CORPOICA. The sources of OEO were the South American Lippia Origanoides (LO) and the oregano essential oil (Origanum vulgare subsp. hirtum) Synergy Essence, a commercially available product (SE; Ralco Nutrition, Inc. Marshall, MN USA).
Experiment 1:
Two thousand one-day-old male broilers (Ross) were obtained a from commercial hatchery. Broilers were weighed individually and assigned randomly to 40 pens of 50 chicks each. Five pens were used for each dietary treatment. Eight treatments were used:
Basal diets without OEO or antibiotic (BD) 2.
Basal diets plus bacitracin 50 g/ton of feed (AGP) 3.
Basal diets plus Lippia origanoides 125 g/ton (LO125) 4.
Basal diets plus Lippia origanoides 250 g/ton (LO250) 5.
Basal diets plus Lippia origanoides 500 g/ton (LO500) 6.
Basal diets plus SE (Origanum vulgare subsp. Hirtum) 125 g/ton (SE125) 7.
Basal diets plus SE (Origanum vulgare subsp. Hirtum) 250 g/ton (SE250) 8.
Basal diets plus SE (Origanum vulgare subsp. Hirtum) 500 g/ton (SE500)
The composition of the basal diets is shown in Table 1 . It represents the feed specification of the two feeding phases: starter (1-21 days of age) and growth (21-42 days of age). The chickens had ad libitum access to feed and water.
Body weights (BW) were recorded weekly by weighing the birds of each treatment and recording their total body weight. Average body weight was obtained by body weights took at the end of each week for each treatment and divided by the number of birds in each treatment. Feed was supplied continuously by topping up the empty feeder pan. The pans were filed to up to three quarter of its capacity to minimize feed waste. Feed intake was taken at the end of each feeding phase for each treatment by subtracting the amount of feed left from the amount of feed supplied daily and dividing it by the number of birds in each pen to obtain the average feed intake per bird per replicate. Feed consumed by the birds in each treatment was recorded per feeding phase on a per pen basis. Body weight gain (BWG), feed intake (FI), feed conversion (FC) and feed efficiency (FE) were determined for each feeding phase and for the total period (1-42 days of age).
Carcass yield was evaluated at 42 d of age. One bird per replicate close to the average pen weight (5 birds per treatment) was selected and slaughtered. The birds were killed by cervical dislocation, bled, eviscerated and chilled, and then carcass was cut out for the measurement of its parts. Prior to chilling, the left portion of the breast was minced with a conventional meat grinder. From this sample, a fresh sample and three subsamples were wrapped in an oxygen-permeable polyethylene film and stored at -4°C for 3, 6, and 9 days. All samples were vacuum-packed and stored at -20°C until analysis of the thiobarbituric acid reactive substances (TBARS) by using the aqueous acid extraction method to determine lipid oxidation.
Experiment 2:
Two hundred one-day-old male broilers (Ross) were obtained from a commercial hatchery. Metabolic batteries facilities were used in this experiment. Broilers were weighed individually and assigned randomly to 40 cages of five chicks each. Five cages were used for each dietary treatment. At 15 days of age, the effect of OEO on energy and nitrogen balance was evaluated. Chromium oxide (Cr2O3) was added to the starter diet described in Experiment 1 as an indigestible marker (0.5 g/kg of diet) and feed and water were provided ad libitum. Birds were individually weighed at the beginning (21-d) and at the end (24-d) of the collection period. Excreta samples were collected daily over a 3-day period and pooled by replicate. The formulas to calculate nutrient digestibility, apparent metabolizable energy (AME), and nitrogen-corrected apparent metabolizable energy (AMEn) were:
Excreta samples for each replicate were dried at 50°C for about 96 h. The dried samples were ground through a 1-mm sieve for chemical analysis. To determine dry matter, feed and excreta samples were dried at 105 ºC. Gross energy (GE) was determined in an adiabatic bomb calorimeter. Nitrogen in feed and excreta samples were analyzed by the Kjeldahl method. Chromic oxide in feed and excreta samples were measured by the spectophotometric method.
Statistical Analyses: Data for body weight (BW), average daily gain (ADG), average daily feed intake (ADFI), gain/feed, average metabolize energy (AME), digestibility organic matter (OM), gross energy intake (GEI), nitrogen-corrected metabolizable energy (MEIn), metabolize energy/gross energy (ME/GE), nitrogen (N) digestibility, nitrogen intake (NI), retain nitrogen (RN), were analyzed using PROC GLIMMIX in the SAS Statistical Software 9.3, as a completely randomized design. Each pen or cage served as an experimental unit. MDA concentration in meat samples storage at 0, 3, 6, 9 days was analyzed using PROC GLIMMIX as a completely randomized design with repeated measures. In both analyses, single degree-of-freedom orthogonal contrasts were used to compare means.
Results and discussion
The current study provides an evaluation of two chemotypes of oregano essential oils (OEO) as emerging feed additive to improve the performance and meat quality of broilers. The development and evaluation of OEOs chemotypes in broiler feeding systems have not been documented and these results constitute a comparative advantage to promote the biodiversity and total quality of broiler production.
Experiment 1:
Broiler performance : The results of the effect of two OEO chemotypes on broilers performance at 1 to 21 days, 21 to 42 days, and 42 days are shown in Tables 2, 3 , and 4. In the starter phase (1-21 days, Table 2 ), BWG, FC, and FE were not affected by treatments (P > 0.05). However, BWG was higher for LO vs SE (+29 g, SE 15.2, P < 0.06). Further analysis of the orthogonal contrast showed a significant effect between AGP and OEO (-60 g, SE 23.5, P<0.06) on FI, so that birds fed with OEO had a higher FI.
Results of feed intake during the starter phase in this experiment are in agreement with Roofchaee et al. (8) , as feed intake was not affected by OEO supplementation. Cross et al. (9) also reported that feed intake of broilers fed 1000 ppm of OEO/kg of diet was not affected between 7-28 days of age. Thymol is the major component of Lippia origanoides essential oils, while carvacrol, an isomer of thymol, is the major component in Origanum vulgare subsp. Hirtum essential oils. Therefore, during this phase, the thymol-rich essential oil chemotype (LO) resulted in a higher body weight compared to the carvacrol-rich essential oil chemotype (SE).
Poultry's sensitivity to taste and smell is lower compared to other animals; however, the flavor of poultry diet can stimulate or depress feed intake (10) . Phenolic terpenes, such as thyme oil, may give an unpleasant taste to diets offered to growing chickens as it was reported by Cross et al. (11) . In the present study, AGP resulted in a lower feed intake compared with OEO at the higher level of inclusion, regardless of chemotypes. In this sense, the stimulating effect of OEO on appetite depends on the level of essential oil inclusion to the diet and the age of the bird (12) .
During the growth phase (21 to 42 days, Table 3 ), a significant effect was seen for BWG (P < 0.01) and tendencies were observed for FI (P < 0.16), FC (P < 0.08), and FE (P < 0.12). Analysis of contrasts showed that BWG was higher for feed additives vs BD (+217 g, SE 55.9, P < 0.01), and SE showed a quadratic response associated with SE500 treatment (P < 0.05). FI was higher for AEO vs AGP (+364 g, SE 119.0, P < 0.01), while FC was higher for BD vs feed additives (+0.3, SE 0.11, P < 0.05). FE was lower for BD vs feed additives (-0.1, SE 0.041, P<0.05), but it was higher for AGP vs OEO (+0.09, SE 0.046, P < 0.06).
During the total period (1 to 42 days, Table 4 ), significant effects were observed for BWG and FI (P < 0.05), but FC and FE presented tendencies (P < 0.10 and P < 0.14, respectively). A further analysis of orthogonal contrasts showed a similar response observed during growth phase for BWG, i.e., it was lower for BD vs feed additives (-196 g, SE 61.2, P < 0.01), and SE showed a quadratic response associated with SE500 treatment (P < 0.06). FI was higher for OEO vs AGP (+424 g, SE 114.3, P < 0.01), so that FC was lower for AGP vs OEO (-0.14, SE 0.07, P < 0.08). The contrast BD vs feed additives affected FC (+0.19, SE 0.069, P < 0.01) and FE (-0.07, SE 0.030, P < 0.05). FE was higher for AGP vs OEO (+0.07, SE 0.033, P < 0.06).
Many studies with OEO have not shown consistent results in broilers. The effectiveness of the use of OEO in broilers is affected by dose, concentration of active components, infection, diet composition, and environment (13) . Different studies have not shown a beneficial effect of OEO supplementation on broilers growth (9, 14) . However, OEO supplementation in drinking water at doses of 150 or 400 mL per ton improved broilers performance (15) . These responses are more effective in the early growth period of chickens, where environmental factors and nutritional stress may depress broilers growth (16) . In general, growth promoting supplements have not showed a positive response when used in clean environments and with a moderate density birds, similar to the experimental condition of this study (17) .
In this study, the experimental results indicate the dietary treatments did not affect body weight at slaughter, carcass yield, breast yield, and abdominal fat deposition in broilers at 42 days of age (Table 5 ). The average body weight at slaughter was 2168 g, while the averages for carcass yield, breast yield, and abdominal fat deposition were 66.7%, 38.9%, 1.21%, respectively. Similar results were obtained for early maturing female turkeys supplemented with oregano leaves from the carvacrol-rich SE chemotype (18) .
Lipid oxidation:
Oregano has been studied for their antioxidant activity (19) . The potential of dietary essential oils and aromatic plants to improve the oxidative stability of meat obtained from broilers has already been demonstrated (17, (20) (21) (22) (23) . The effects of two OEO chemotypes and storage time at -4°C on lipid oxidation of breast meat are shown in Table 6 . The extent of lipid oxidation, measured by malondialdehyde (MDA) concentration, showed significant differences between the experimental treatments and storage time. The MDA values increased (+135%) during the nine days of storage (P < 0.001). Breast meat of broilers from control and AGP groups showed higher concentration of MDA compared to the birds fed a diet with OEO (P < 0.05). The lowest MDA concentration was observed in the group supplemented with SE500 and no differences were observed among groups supplemented with the two OEO chemotypes (P > 0.05). The birds fed AGP showed the greatest lipid peroxidation when the breast meat was storage during 9 days at -4°C (147 ng/g).
Poultry meat contains a low lipid content, but a high concentration of polyunsaturated fatty acids (23) . Thus, poultry meat is particularly susceptible to oxidative deterioration, which might contribute to its significant response regarding lipid oxidation generated by dietary OEO supplementation, as it was observed in this study. Similar findings were reported by Botsoglou et al., (24) showing that OEO addition significantly reduced lipid oxidation in raw meat, cooked turkey during storage and recooling . A lower oxidation in breast meat was found, probably due to the presence of the antioxidant constituents of the OEO. These antioxidants enter the circulatory system and are distributed and retained in muscle and other tissues. In this sense, Farag et al. (25) suggested thymol has the highest antioxidant activity due to the presence of phenolic OH groups, which act as hydrogen donors to the peroxy radicals produced during the first step in lipid oxidation, thus, retarding the hydroxy peroxide formation. This antioxidant effect is dose dependent (13) .
According to Pereira and Maia (26) , the phenolic compounds present in many essential oils have an antioxidant function; therefore, they act as hydrogen donors, decreasing hydrogen peroxide production. The antioxidant activity of various herbs showed that Origanum vulgare presents a high antioxidant activity and has the greatest ability to eliminate reactive oxygen species (free radicals) (27) . This can be explained by the high content of phenolic compounds found in Origanum vulgare. Therefore, the extract and oregano oil are considered a source of natural antioxidants and may be used as food preserver.
Experiment 2:
The effects of two OEO chemotypes on nutrient balance are shown in Tables 7 and  8 . The apparent digestibility coefficients of OM, GE intake, AMEn and metabolizability of the dietary energy (AME:GE) were determined. N digestibility, N intake and nitrogen retention (NR) were also determined. Broilers fed LO500 had greater (P < 0.05) OM digestibility than broilers in control group. There were no differences in OM digestibility, energy, or nitrogen metabolism among AGP, LO, or SE fed birds. Control birds had lower OM digestibility (-4.6%) and AME/GE (-0.036) compared to birds fed the AGP or OEO diets (P < 0.05). Birds in LO groups showed tendency (P < 0.10) to increase OM digestibility and AME/GE as the inclusion level of LO increased, while within the SE group, the inclusion level showed a quadratic effect showing the highest value of OM digestibility and AME/GE ratio in the SE250 fed birds. The value for OM digestibility was in accordance with the value for AME:GE. There were no differences in nitrogen metabolism among AGP, LO, or SE fed birds. However, data showed a numerical increase of NR (+1.22 mg/day/(kg wt 0.75 ) -1 d-1 ) in birds fed AGP, LO, or SE compared to control. Birds fed OEO also showed a numerical increase of NR (+0.72 mg/day/(kg wt 0.75 ) -1 d-1 ) compared to birds fed AGP diet.
An important effect of additive natural substances is their benefits to gastrointestinal enzymatic activity related with the better nutrients digestibility (28) . Moreover, the availability of nutrients can be increased by altering the intestinal microbial population, which favors nutrients absorption. Therefore, some plant extracts stimulate digestion process and produce changes on the gut microbiota mainly by regulating the pH of the gut, thereby increasing the digestibility of the nutrients and reducing the pathogenic bacterial growth (29) . In this sense, OEO increases the digestibility of nutrients and favors the balance of the microbiota, decreasing the potential for adhesion of pathogens in the intestinal epithelium (30) .
A large volume of studies with OEO indicate that feed intake is reduced without altering the body weight gain and cumulative body weight, leading to an improvement in feed conversion during commercial broiler market cycle. Different experimental approaches -related to the active components and effective dose supplied -have been implemented to use OEO in broiler diets; however, such approaches affect the results. Furthermore, the assessment of systemic potential effects is influenced by the botanical origin of oregano and its active components, which are more complex considering the availability of commercial products containing different mixtures of spices.
Specimens of oregano have been studied as natural additives around the world in terms of two chemotypes, depending on whether the dominant component of the essential oil is carvacrol or thymol. In the present study, the beneficial effects of OEO on broiler performance were evident and not dependent on chemotypes. The results indicate that broilers fed diets containing OEO grow faster than those fed a control diet and present a similar growth to broilers fed AGP. Some of these responses was explained by increased OM digestibility and energy use.
Lipid oxidation was prevented by OEO supplementation to broiler's diets. OEO had a greater effect than AGP and control diets in preventing lipid peroxidation of breast meat. There were no differences between OEO chemotypes; however, OEO proved its effectiveness in retaining quality of breast meat ARIZA NIETO, C. et al.
after 9 days of storage and they were more effective when provided at least at the dose of 125 mg/kg.
The expectation for this study was for OEO-supplemented broilers to perform at least equal to AGPsupplemented broilers if not better. As broilers fed the basal diet had different performance than broilers fed OEO and AGP, one might conclude that OEO, regardless of the chemotype, can replace AGP as an alternative additive in broiler feeding regimes.
As a replacement for AGP, OEO shows promising results in broiler production. The performance parameters were maintained as those from AGP-supplemented broilers. Besides, breast meat quality was improved compared to AGP-supplemented broilers. An improved breast meat quality preventing lipid peroxidation, as well as a residue free product, due to no AGP supplementation, meet the requirements of a healthy product and the current consumer's expectations.
Conclusions
It can be concluded that birds fed OEO grow faster than those fed a BD and present a similar growth to birds fed AGP with some of this response being possibly explained by increased digestibility and energy utilization. In addition, providing OEO from SE at 500g/ton in the diet of broilers resulted in lower lipid peroxidation in ground breast meat throughout the storage time tested.
